Potato specimens (diameter 25 mm, height 10 mm) were cooked in vacuumed plastic bags at 95° C for intervals of 20-40 min. The specimen texture was determined using modified one bite TPA test (termed as STPA). The classical TPA parameters, that can be determined from one bite were completed and some new parameters were included into the texture profile, mainly Young's modulus, initial elasticity and ratio of fracturability to Young's modulus. The test was performed repeatedly using Instron Testing Machine. The test parameters were determined by evaluating the computer saved deformation curves. Sensory panel test was used as a base for comparison of the instrumental parameters and the sensory texture.
INTRODUCTION
Texture of cooked potato was classified by Salamon (1926) into four types: floury, close, waxy and soapy. "Floury" is usually referred as "mealy" in the literature. Now, five different properties are used for determination of cooked potato texture (Lugt, 1959) . These are consistency, disintegration, humidity, mealiness and structure. It is generally agreed that the consistency and mealiness are the most important quality elements of cooked potatoes well represented more than 95 per cent of variation of cooked potato texture (Marie et al.,1997) . These above mentioned properties depend on the time of cooking. The tuber sensitivity to overcooking is usually termed as sloughing.
The texture parameters are usually evaluated using sensory panels that give their sensory impressions of textural attributes (Anonymous, 1977) . Several attempts have been made to develop objective methods for measuring the potato texture; these attempts have usually found inspirations in materials science and engineering. The first attempts were done in the fifties (e.g. Unrau and Nylund, 1957) , but since then the number of papers dealing with the objective texture measurement has increased rapidly. Some of the papers describe very complex and/or sophisticated systems of methods for measuring different parameters of cooked potatoes (e.g. Duncan 1992a, 1992b) ; such systems can be used for total substitution of the sensory panel methods. Texture Profile Analysis (TPA) -the method developed by Bourne (1968) for measurement of some selected texture parameters of fruits and vegetable -has been frequently used as an objective (instrumental) method for the evaluation of food texture. The TPA was used many times also for cooked potato tubers as an indicator of texture changes caused by different modifications in processing (e.g. Schmidt and Ahmed, 1971; Janowski, 1992; Mittal, 1994) or as an alternative method in cooked potato texture studies (e.g. Leung et al., 1983) . Unfortunately, the results of different authors are difficult to compare, because the test conditions (deformation rate, specimen dimensions, deformation extent etc.) were different. This disadvantage of TPA was partly removed in our previous paper (Blahovec et al., 1999) , where the TPA parameters were redefined into the dimensionless or relative forms. It was found that Young's modulus of cooked tubers is the best parameter for objective assessment of consistency. Most of the TPA parameters determined in the second bite -the cohesiveness was an exception -was not useful in describing the textural properties of potatoes (Blahovec et al., 1999) . TPA of cooked potatoes would be based on one-bite tests.
This paper represents the application of very simple one-bite modification of TPA for texture studies of cooked potato tubers.
MATERIALS AND METHODS
Potato (Solanum tuberosum L.) varieties Agria, Javor, Nicola and Panda were grown at the Potato Research Institute in Havlickuv Brod (Experimental Station Valecov). Agria and Nicola belongs to varieties with a lower starch content (about 16-17 %). Panda and Javor are the varieties with a higher starch content (19-21%). The tubers were harvested in full maturity at the beginning of October 1998. They were healed three weeks after harvest at 20°C and 95% relative humidity. Only perfect tubers 55-80 mm in diameter were used for experiments. These tubers were stored in boxes at 6°C and 95% humidity until test. They were removed from the box 24 hours before test. Special laboratory cutter and cork borer were used for cutting off the cylindrical specimens 25 mm in diameter and 10 mm in height from central parts of the tested tubers. The specimen axis was approximately parallel to tuber axis. The specimens were vacuum packed in plastic bags (Fatranex, Fatra a.s., Czech Republic) and some of them were cooked in the water bath at the temperature (95 ± 0.2)°C and cooked for desired time. Then the specimens were removed and cooled rapidly in another water bath at temperature (25 + 0.5)°C.
The samples were tested approximately 2 hours after cooking. The Instron Universal Testing machine (Model 4464 ) was used to perform the texture profile by a simple test representing the first bite of TPA proposed by Bourne (1978 ) . The specimen was placed on a stationary horizontal plate loaded and unloaded by moving a flat plate. The flat plate was attached to the 2 kN load cell connected with crossbar of the machine moving with speed 0.167 mm.s' 1 down and up in so manner that maximum 
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igure 1. Scheme of the STPA test. The measured force is plotted against the test time. The STPA test is divided into two parts: downstroke and upstroke. They are determined forces: fracturability, hardness (hardness) and adhesive force (maximum negative force in upstroke of the first bite), deformations: initial elasticity (BD) and stringiness (multiplication by strain rate necessary to be add) and energies as measures of deformation works (areas 1 and 2, and area 3 corresponding to sample adhesion, that necessary to be multiplied by strain rate, too) deformation was 7.5 mm. This deformation represents 75 % of the original height of the sample. Scheme of the obtained deformation curve is plotted in Figure 1 . The two plates coming into contact with tested specimens were cleaned by ethanol before and after each test. The characteristic points from deformation curve were evaluated in similar way as proposed by Bourne (1978) , but some additions and modifications were performed as is given in Table 1 (see also Reznicek and Blahovec, 1978 and Blahovec et al., 1999) . All the parameters originally determined from the second bite by Bourne (1978) were excluded from our simplified TPA to reduce the original test procedure to one bite only.
The experiments were arranged in two dates. The first one is at the end of November 1998. The tests were performed for raw and cooked (20, 25 and 30 minutes) potatoes for all varieties. The second test is at the beginning of February 1999; only two varieties (Nicola and Panda) were tested for fresh tubers and specimens cooked 20, 25, 30, 35 and 40 minutes. Every test was replicated 20 times and basic statistical parameters were determined. Table 1 . STPA parameters to be used (see Figure 1) 
TPA-parameter
Original Definition (Bourne, 1978) Method of determination Unit
Modified Definition
Method of determination Unit
Young's Modulus Sensory analysis of cooked potato tubers was organised separately. Six trained members of a panel tested cooked potato samples of different varieties and of different cooking times. The parameters to express potato texture were only consistency and mealiness, that express at least 95 per cent of differences in potato texture (Marie et al., 1997) . The tested samples were cooked for 20 minutes (var. Agria, Javor and Panda) and for 30 minutes (Nicola). All potato varieties were cooked at 95°C at the same conditions as were used for simplified TPA (STPA). The parameters were expressed as percent parts of 100 mm long scale calibrated by two standards: tubers cooked in steam (temperature 100°C, cooking time 30-35 minutes) of varieties Monalisa (utilisation type A/B) and Christa (utilisation type B). Hard and soft are the extremes of consistency (Monalisa 55%, Christa 70 %). The mealiness is characterised by two extremes: waxy and mealy (Monalisa 30 % and Christa 60 %).
RESULTS AND DISCUSSION
The mean values of the measured quantities are given in Tables 2 and 3. Table 2 contains TPA-values obtained in November 1998 (these results will be later denoted by index 1) and Table 3 shows the results obtained in February 1999 (index 2). These two tables show how the test parameters were changed during cooking. Hardness, fracturability, stringiness, adhesiveness, and adhesive strength are the modified parameters of Bourne's original TPA and they were given and discussed in our previous paper (Blahovec et al., 1999) . Their values well correspond to the TPA values determined for cooked potatoes by other authors - Mittal (1994) , Jankowski (1992) , Schmidt and Ahmed (1971) , Leung et al. (1983) , Truong et al. (1997 ) -see Blahovec et al. (1999 . Results of sensory analysis are given in Table 4 . The adhesion accompanying the upstroke represents very important part of the original TPA described by stringiness, adhesiveness and adhesive strength. The stringiness determines relative part of the stroke distance that is accompanied by adhesion to the loading plate. This behaviour of cooked potatoes is described in previous paper by Blahovec et al. (1999) . Stringiness increased with increasing cooking time in February tests up to two times higher than the observed values of fresh potatoes and then decreased up to 0.1 that is approximately the same for both varieties. For February tests the adhesive strength increased with cooking time -more rapidly for Panda than for Nicola -and then decreased when specimen was overcooked.
The upper yield point (UYP see Figure 1 -e.g. Leung et al., 1983 , Thybo et al. 1998 )-or fracturability in TPA glossary -is the most frequent instrumental texture parameter for cooked potatoes, followed then by modulus of elasticity (e.g. Thybo et al., 1998 , Blahovec et al., 1999 . The two parameters are plotted against cooking time in Figure 2 . They are very similar to each other expressing the texture similarities and differences for varieties Nicola and Panda. Figure 2 indicates that variety Nicola is cooked more slowly than variety Panda (Blahovec et al., 1999) . This is in agreement also with results presented by Vacek (1997) . fracturability and Young's modulus; for Nicola this relation is approximated by more steeper power equation than that found for the other three tested varieties. It means that the difference in kinetics of cooking is more apparent for Young's modulus than for fracturability. This observation is also statistically supported by data in Table 5 , where Anova and Fisher's protected LSD test were applied to the Young's modulus and fracturability of cooked specimens of Nicola and Panda. Variety was evaluated as a source of variation with F = 32.3 and F = 11.9 for Young's modulus and fracturability, respectively. The correlation between the modulus of elasticity and the sensory consistency is given in Figure 4 ; the consistency of cooked potato decreases with increasing Young's modulus during cooking (the higher consistency, the softer potato tuber). Figure 2 illustrates also the second important difference between the salad variety Nicola and industrial variety Panda: the figure shows different behaviour of Young's modulus and fracturability at higher cooking times. No increase was observed for both parameters (E, Fr) with increasing cooking times for variety Panda. However, a significant increase in both parameters was observed for variety Nicola at cooking times higher than 30-35 minutes for both parameters (see also Tables 3 and 5) . Thybo (1998) observed similar hardening effects to be dependent on details of cooking method. The existence of this type of minimum in the modulus -cooking time relation in case of variety Nicola, represents some anomaly, but this anomaly is not specific for (a = 0.05), (a = 0.01), " (a = 0.005), d.f. -degree of freedom, MS -mean squares, n.s. -number of non-significant pairs (a = 0.05), no.os -number of significant pairs, LSD -least significant difference, MSD -mean significant difference (Fisher's protected LSD testHinkelmann and Kempthorne, 1994) this parameter only; but similar anomalies were observed also for fracturability and some other texture parameters as will be discussed later. The anomaly behaviour of the instrumental parameters represents some kind of stability, or in another words some ability of tuber to prevent sloughing. But the anomaly can lower the correlation between instrumental and sensory parameters (e.g. between Young's modulus and consistency).
The hardness is a parameter decreasing steeply during the first stage of cooking, similarly as was observed for fracturability. ANOVA of our results showed very limited dependence of hardness on variety and cooking time but strong dependence on storage time (F = 136.6 for d.f. = 1). This result and the more detailed discussion of this TPA parameter in our previous paper (Blahovec et al., 1999) lead to a conclusion that hardness plays only very limited role in texture of cooked potatoes.
The brittleness of Nicola is totally different than the brittleness of Panda. The brittleness of variety Nicola is accompanied by the above mentioned anomaly in dependence on cooking time: the brittleness decreased with increasing cooking time up to about 25 minutes and then increased. On the other hand, the brittleness of Panda was approximately constant in the first stage of cooking (up to about 25 minutes) and then decreased. Unfortunately, the brittleness depends on the storage time so strongly, that brittleness is difficult usable as a measure of inter-variety texture differences. Big differences between Nicola and Panda were observed also for the initial elasticity. Moreover, this parameter is less sensitive to the storage time (Table 6 ). Approximately linear decrease of the initial elasticity in the whole cooking period was observed for Panda, but in case of Nicola the similar decrease was observed only for cooking times less than about 25 minutes. Further prolongation of cooking time led to anomalous increasing values of initial elasticity (see Figure 5) . The initial elasticity of raw Nicola is lower than the corresponding value for Panda. This is why the initial elasticity of tubers of both varieties (Nicola and Panda) had approximately the same value after 35 minutes of cooking.
Initial elasticity is the parameter with the highest coefficient correlation with mealiness ( Figure 6 ). The higher the initial elasticity the higher mealiness was observed. But this correlation was found at cooking times 20-30 minutes, only. Its usability in other cooking regimes has to be tested separately. High coefficient of correlation with mealiness was observed also for Young's modulus (R = 0.805) and ratio of fracturability to Young's modulus (R = 0.511). The relation between mealiness and fracturability ratio was also mentioned in our previous paper (Blahovec et al, 1999) .
Fracturability ratio decreased with increasing cooking time from about 0.3-0.4 (raw potato) up to values about 0.1 (Figure 7) . Similar trend was observed also for ratio of hardness to Young's modulus (hardness ratio). Both the parameters (FrR and HaR) behave anomaly for the higher cooking times (Figure 7) . 
Figure 5. Initial elasticity plotted against cooking time
The results discussed here showed that the parameters of the simplified Texture Profile Analysis (STPA), mainly Young's modulus and initial elasticity can be used for the estimation of cooked potato texture. The role of the anomalous behaviour, observed for salad variety Nicola, is not clear until now and should be investigated in future research.
CONCLUSIONS
STPA represents a modified version of classical TPA. STPA is based on one bite compression test which excludes cohesiveness, springiness, gumminess and chewiness, Cooking Time (min) Figure 7 . Ratio of fracturability to Young's modulus plotted against cooking time the parameters of the classical TPA, and includes the following parameters: Young's modulus, initial elasticity, brittleness and two ratio parameters: fracturability to Young's modulus and hardness to Young's modulus. Two most important texture parameters of cooked potato tubers: consistency and mealiness seem to be approximated by two simple instrumental parameters of the STPA. The consistency is well estimated by Young's modulus that expresses fine inter-variety differences in cooking kinetics. The mealiness can be estimated by the initial elasticity.
Many texture parameters are accompanied by anomalous changes observed at cooking times corresponding to overcooking period. This type of changes was observed for variety Nicola (the representative of salad varieties) and not for variety Panda (the representative of industrial varieties).
